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(57)  An object of the present invention is to provide
an automotive alternator achieving high output by over-
lapping a laminated core of a stator and yoke portions
of a field rotor in an axial direction, and enabling high-
speed and low-speed electromagnetic noise to be re-
duced by prescribing dimensional relationships in the
stator and the field rotor.

In this automotive alternator, a ratio (R2/R1) be-
tween an outer radius R2 of a cylindrical portion of a
Lundell-type core and an outer radius R1 of the Lundell-
type core is set to a range from 0.50 to 0.54, and a ratio
(Lc/Lp) between an axial length Lc of the laminated core
and an axial length Lp of the Lundell-type core is set to
a range from 0.55 to 0.70.
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Description
Technical Field

[0001] The presentinvention relates to an automotive
alternator, and particularly to a Lundell-type core con-
struction of an automotive alternator enabling claw res-
onance noise generated by magnetic attraction force
acting on claw-shaped magnetic poles to be reduced by
improving the magnetic balance of magnetic attraction
force.

Background Art

[0002] In recent years, due to noise reduction in en-
gines and the accompanying reduction of sound insula-
tion equipment, the lowering of noise in automotive al-
ternators mounted to the engines is in demand. Noise
in automotive alternators can be classified roughly into
two groups including wind noise generated by fans and
electromagnetic noise, and higher harmonic electro-
magnetic noise is particularly a problem, being harsh in
tone.

[0003] Generally, it is known that magnetic attraction
force proportional to rotational frequency is generated
in automotive alternators in air-gap portions between
claw-shaped magnetic pole portions of a field rotor and
teeth of a laminated core of a stator, electromagnetic
noise being generated by component parts resonating
at their excitation frequencies. It is difficult to avoid res-
onance in component parts in automotive alternators
because the working rotational frequency range is
spread over 1,000 to 20,000 revolutions per minute
(rpm). In a stator, in which the resonating frequency is
comparatively low, resonance occurs at 1,000 to 5,000
rpm, and in a field rotor, in which the resonating frequen-
cy is comparatively high, the claw-shaped magnetic
pole portions resonate in the vicinity of 9,000 rpm. Be-
cause the noise level of this electromagnetic noise is
affected by the magnitude of the vibrational amplitude,
it is important to suppress vibrations to reduce electro-
magnetic noise.

[0004] Thus, for high-speed electromagnetic noise,
attempts have been made to reduce electromagnetic
noise by engaging a vibration-suppressing ring in an in-
terior portion of the claw-shaped magnetic pole portions
to shift the resonating frequency of the claw-shaped
magnetic pole portions to a frequency band higher than
the working rotational frequency range, or to reduce
electromagnetic noise by applying a resin to the claw-
shaped magnetic pole portions to dampen vibration of
the claw-shaped magnetic pole portions. On the other
hand, for low-speed electromagnetic noise, attempts
have been made such as increasing rigidity of the lam-
inated core or the holding case of the laminated core,
suppressing eccentricities in and deformation of the
laminated core, or applying a resin to dampen vibration
of the laminated core. Furthermore, magnetic noise can
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be reduced by widening the gap between the laminated
core and the field rotor to reduce magnetic attraction
force, but this countermeasure leads to declines in out-
put.

[0005] However, from the viewpoint of improving out-
put, automotive alternators of this kind are generally de-
signed such that the axial length of the laminated core
of the stator is shorter than the axial length of a Lundell-
type core, and the outer radius of cylindrical portions is
smaller than the outer radius of the field rotor, structur-
ally making for constructions which vibrate easily. Thus,
since magnetic attraction force is concentrated at tip
portions of the claw-shaped magnetic pole portions and
the vibrational amplitude in the radial direction increas-
es, and in addition, the distance from the cylindrical por-
tions to the claw-shaped magnetic pole portions is great,
vibrational amplitude in an axial direction resulting from
magnetic attraction force is increased, preventing elec-
tromagnetic noise from being reduced effectively even
if the countermeasures described above are applied.
[0006] An attempt is proposed in Japanese Patent
Non-Examined Laid-Open No. HEI 11-243673, for ex-
ample, to try to achieve high output by making the lam-
inated core of the stator and the yoke portions of the
field rotor face each other to minimize the magnetic flux
leaking outside from the yoke portions and thereby in-
crease the rate of recovery of the magnetic flux gener-
ated by the field rotor.

[0007] InJapanese Patent Non-Examined Laid-Open
No. HEI 11-243673, as shown in Figure 13, it is stated
that high output can be achieved by setting a ratio (Lc/
Lp) between an axial length Lc of a laminated core 51
of a stator and an axial length Lp of a Lundell-type core
52 of a field rotor to a range from 0.7 to 1.0 and setting
a ratio (R2/R1) between an outer radius R1 of the Lun-
dell-type core 52 and an outer radius R2 of cylindrical
portions 52a to a range from 0.54 to 0.60.

[0008] However, in Japanese Patent Non-Examined
Laid-Open No. HEI 11-243673, because the ratio (Lc/
Lp) between the axial length Lc of the laminated core
51 and the axial length Lp of the Lundell-type core 52 is
set to a range from 0.7 to 1.0, the surface area of root
portions of claw-shaped magnetic pole portions 52¢ fac-
ing the laminated core 51 is large. Thus, because the
fluctuations of the magnetic poles passing the laminated
core 51 are smooth and change smoothly in an axially
central portion of the laminated core 51, an alternating
voltage close to a sine wave is generated. On the other
hand, at axial end portions of the laminated core 51, the
root portions of the claw-shaped magnetic pole portions
52c and the tapered tip portions of the claw-shaped
magnetic pole portions 52c pass the laminated core 51
alternately. The pass time of the root portions of the
claw-shaped magnetic pole portions 52c is long, where-
as the pass time of the tip portions of the claw-shaped
magnetic pole portions 52c is short, generating an alter-
nating voltage having a disrupted sine wave. The gen-
eration of this alternating voltage having a disrupted sine
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wave acts to increase magnetic vibration of the laminat-
ed core 51, and one problem has been that low-speed
electromagnetic noise is increased by the increased vi-
bration of the stator. In addition, when Lc becomes long
(as Lc/Lp approaches 1), at axial end portions of the
laminated core 51, the fluctuations of the magnetic poles
are abrupt because the tip portions of the claw-shaped
magnetic pole portions 52c do not face the laminated
core 51 and shoulder portions of the Lundell-type core
52 are not chamfered. Hence, an alternating voltage
having an even more disturbed sine wave is generated,
further increasing low-speed electromagnetic noise.
[0009] Because the ratio (R2/R1) between the outer
radius R1 of the Lundell-type core 52 and the outer ra-
dius R2 of the cylindrical portions 52a is set to a range
from 0.54 to 0.60, another problem has been that the
contact surface area between the bobbin on which the
field coil is wound and the yoke portions 52b of the Lun-
dell-type core 52 decreases, lowering the damping ef-
fect suppressing vibration of the claw-shaped magnetic
pole portions 52c, thereby worsening high-speed elec-
tromagnetic noise.

[0010] In addition, because Lc/Lp is set to a range
from 0.7 to 1.0, the end surfaces of the laminated core
51 are positioned near the end surfaces of the Lundell-
type core 52. Consequently, in the coil end groups of the
armature coil, the root ends, which have the most irreg-
ularities in a circumferential direction, radially face the
shoulder portions, where pressure fluctuations are
greatest in the Lundell-type core 52. Thus, yet another
problem has been that the root portions of the coil end
groups and the shoulder portions of the Lundell-type
core 52 interfere with each other due to rotation of the
Lundell-type core 52, increasing wind noise.

Disclosure of the Invention

[0011] An object of the present invention is to provide
an automotive alternator achieving high output by over-
lapping a laminated core of a stator and yoke portions
of a field rotor in an axial direction, and enabling high-
speed and low-speed electromagnetic noise to be re-
duced by prescribing dimensional relationships in the
stator and the field rotor.

[0012] According to one aspect of the present inven-
tion, there is provided an automotive alternator includ-

ing:
a field rotor provided with:

a field coil; and
a Lundell-type core having:

a cylindrical portion on which the field coil
is installed;

yoke portions disposed so as to extend ra-
dially outward from axial end portions of the
cylindrical portion; and
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claw-shaped magnetic pole portions dis-
posed so as to extend axially from radial
edge portions of the yoke portions so as to
surround the field coil; and

a stator composed of a laminated core and an ar-
mature coil disposed facing an outer circumference
of the claw-shaped magnetic pole portions,

wherein a ratio (R2/R1) between an outer radius
R2 of the cylindrical portion and an outer radius R1 of
the Lundell-type core is in arange from 0.50 to 0.54, and

a ratio (Lc/Lp) between an axial length Lc of the
laminated core and an axial length Lp of the Lundell-
type core is in a range from 0.55 to 0.70.

Brief Description of the Drawings
[0013]

Figure 1 is a longitudinal section showing an auto-
motive alternator according to Embodiment 1 of the
present invention;

Figure 2 is a schematic diagram showing dimen-
sional relationships in a Lundell-type core in the au-
tomotive alternator according to Embodiment 1 of
the present invention;

Figure 3 is a graph showing a relationship between
(R2/R1) and output current in the automotive alter-
nator according to Embodiment 1 of the present in-
vention;

Figure 4 is a graph showing a relationship between
(R2/R1) and noise level in the automotive alternator
according to Embodiment 1 of the present inven-
tion;

Figure 5 is a graph showing a relationship between
(Lc/Lp) and noise level in the automotive alternator
according to Embodiment 1 of the present inven-
tion;

Figure 6 is a partial cross section showing an auto-
motive alternator according to Embodiment 2 of the
present invention;

Figure 7 is a schematic diagram showing a relation-
ship between a cooling fan and a pole core in an
automotive alternator according to Embodiment 3
of the present invention;

Figure 8 is a schematic diagram showing dimen-
sional relationships between a stator and a field ro-
torin an automotive alternator according to Embod-
iment 4 of the present invention;

Figure 9 is a perspective showing a stator in an au-
tomotive alternator according to Embodiment 5 of
the present invention;

Figure 10 is a plan showing part of the stator in the
automotive alternator according to Embodiment 5
of the present invention viewed from a inner circum-
ferential side;

Figure 11 is a perspective showing a conductor seg-
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ment used in an armature coil of the stator in the
automotive alternator according to Embodiment 5
of the present invention;

Figure 12 is a perspective showing a stator in an
automotive alternator according to Embodiment 6
of the present invention; and

Figure 13 is a schematic diagram showing dimen-
sional relationships in a stator and a field rotor in a
conventional automotive alternator.

Best Mode for Carrying Out the invention

[0014] The preferred embodiments of the present in-
vention will now be explained with reference to the draw-
ings.

Embodiment 1

[0015] Figure 1 is a longitudinal section showing an
automotive alternator according to Embodiment 1 of the
present invention.

[0016] In Figure 1, an automotive alternator is con-
structed by rotatably mounting a field rotor 7 by means
of a shaft 6 inside a case 3 constituted by a front bracket
1 and a rear bracket 2 made of aluminum and fixing a
stator 8 to an inner wall surface of the case 3 so as to
cover an outer circumferential side of the field rotor 7.
[0017] The shaft 6 is rotatably supported in the front
bracket 1 and the rear bracket 2. A pulley 4 is fixed to
one end of this shaft 6, enabling rotational torque from
an engine to be transmitted to the shaft 6 by means of
a belt (not shown).

[0018] Slip rings 9 for supplying an electric current to
the field rotor 7 are fixed to another end portion of the
shaft 6, a pair of brushes 10 being housed in a brush
holder 11 disposed inside the case 3 so as to slide in
contact with these slip rings 9. A regulator 18 for adjust-
ing the magnitude of an alternating voltage generated
in the stator 8 is fixed by adhesive to a heat sink 17 fitted
into the brush holder 11. A rectifier 12 for converting an
alternating current generated in the stator 8 into a direct
current is electrically connected to the stator 8 and is
mounted inside the case 3.

[0019] The field rotor 7 is constituted by: a field coil
13 for generating magnetic flux on passage of an electric
current; and a pair of pole cores 20 and 21 disposed so
as to cover the field coil 13 functioning as a Lundell-type
core in which magnetic poles are formed by the mag-
netic flux generated in the field coil 13. The pole cores
20 and 21 are made of iron, being constituted by: cylin-
drical portions 20a and 21a; yoke portions 20b and 21b
disposed at a predetermined pitch in a circumferential
direction, each being disposed so as to extend radially
outward from an axial end portion of one of the cylindri-
cal portions; and claw-shaped magnetic pole portions
20c and 21c disposed so as to extend axially from a ra-
dial edge portion of each of the yoke portions 20b and
21b, the cylindrical portions 20a and 21a being abutted
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and fixed to the shaft 6 such that the claw-shaped mag-
netic pole portions 20c and 21c intermesh. Shoulder
portions 20d and 21d are formed by easing outermost
diameter portions of axial end surfaces of the pole cores
20 and 21. The field coil 13 is wound onto a bobbin 14
and installed on the cylindrical portions 20a and 21a.
Cooling fans 5 are fixed to both axial end portions of the
pole cores 20 and 21.

[0020] The stator 8 is constituted by: a cylindrical lam-
inated core 15 in which a large number of slots having
grooves lying in an axial direction are disposed in a cir-
cumferential direction; and an armature coil 16 in which
conducting wires are installed in the slots of this lami-
nated core 15 and an alternating current is generated
by changes in the magnetic flux from the field rotor 7
accompanying rotation of the field rotor 7.

[0021] Inthe automotive alternator constructed in this
manner, an electric current is supplied to the field coil
13 from a battery (not shown) by means of the brushes
10 and the slip rings 9, generating a magnetic flux. The
claw-shaped magnetic pole portions 20c of the pole core
20 are magnetized into North-seeking (N) poles by this
magnetic flux, and the claw-shaped magnetic pole por-
tions 21c of the pole core 21 are magnetized into South-
seeking (S) poles. At the same time, rotational torque
from the engine is transmitted to the shaft 6 by means
of the belt and the pulley 4, rotating the field rotor 7.
Thus, a rotating magnetic field is imparted to the arma-
ture coil 16, generating an electromotive force in the ar-
mature coil 16. This alternating-current electromotive
force passes through the rectifier 12 and is converted
into a direct current, and the magnitude thereof is ad-
justed by the regulator 18, charging the battery.

[0022] In the automotive alternator, the field coil 13,
the armature coil 16, the rectifier 12, and the regulator
18 constantly generate heat during power generation.
Thus, air intake apertures 1a and 2a and air discharge
apertures 1b and 2b are disposed in the front bracket 1
and the rear bracket 2 in order to cool the heat generated
by power generation.

[0023] Here in Embodiment 1, the dimensional rela-
tionships between each portion of the pole cores 20 and
21 shown in Figure 2 are set as follows.

[0024] A ratio (R2/R1) between an outer radius R2 of
the cylindrical portions 20a and 21a and an outer radius
R1 of the pole cores 20 and 21 is set to a range from
0.50 to 0.54. A ratio (Lc/Lp) between an axial length Lc
of the laminated core 15 and an axial length Lp of the
pole cores 20 and 21 is set to a range from 0.55 to 0.7.
[0025] Because the dimensional relationships be-
tween each portion of the pole cores 20 and 21 are set
as described above, vibration of the claw-shaped mag-
netic pole portions 20c and 21c is reduced without re-
ducing output, thereby providing an automotive alterna-
tor enabling low-speed electromagnetic noise resulting
from claw resonance noise to be reduced and also en-
abling high-speed electromagnetic noise resulting from
magnetic vibration of the laminated core 15 of the stator
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8 to be reduced.

[0026] Next, Figures 3 to 5 are results confirming the
effects of Embodiment 1.

[0027] Figure 3 is a graph showing a relationship be-
tween (R2/R1) and output current when Lc/Lp is at pre-
determined values (0.4, 0.5, 0.55, and 0.6), R2/R1 being
presented on the horizontal axis and output current be-
ing presented on the vertical axis. Moreover, the output
current is the measured value at 2,000 rpm. Figure 4 is
a graph showing a relationship between (R2/R1) and
noise level when Lc/Lp equals 0.6, R2/R1 being pre-
sented on the horizontal axis and the peak measured
value of electromagnetic noise up to 10,000 rpm being
presented on the vertical axis. Figure 5 is a graph show-
ing a relationship between (Lc/Lp) and noise level when
R2/R1 equals 0.5, R2/R1 being presented on the hori-
zontal axis and the peak measured value of electromag-
netic noise up to 5,000 rpm being presented on the ver-
tical axis.

[0028] From Figure 3, it can be seen that the output
current gradually increases as R2/R1 increases, and
gradually decreases when R2/R1 exceeds approxi-
mately 0.55. In other words, it can be seen that the out-
put current has a maximum value when R2/R1 is around
0.55. This can be considered to be a result of the fact
that if R2/R1 falls below 0.5, the passage cross-section-
al area of the magnetic flux flowing through the cylindri-
cal portions 20a and 21a is reduced, magnetically sat-
urating the cylindrical portions 20a and 21a and prevent-
ing output from being obtained, and if R2/R1 exceeds
0.6, the thickness of the claw-shaped magnetic pole por-
tions 20c and 21c¢ becomes too thin when the volume of
the field coil 13 is maintained at a predetermined value,
magnetically saturating the claw-shaped magnetic pole
portions 20c and 21¢ and preventing output from being
obtained. Thus, from the viewpoint of high output, it is
desirable that R2/R1 be greater than 0.5 and less than
0.6.

[0029] Itcanalsobe seenthatthe output current grad-
ually increases as Lc/Lp increases, and is substantially
saturated when Lc/Lp exceeds 0.55. This is because an
increase in Lc/Lp means an increase in the amount of
axial overlap between root portions of the claw-shaped
magnetic pole portions 20c and 21c¢ and the laminated
core 15. In other words, because magnetic flux flows
into the laminated core 15 from the root portions (the
shoulder portions) of the claw-shaped magnetic pole
portions and the amount of magnetic flux leaking outside
from the yoke portions decreases when Lc/Lp increas-
es, the rate of recovery of the magnetic flux generated
by the field rotor rises, increasing output. This can be
considered to be a result of the fact that when Lc/Lp is
approximately 0.55, the rate of recovery of the magnetic
flux generated by the field rotor is raised and substan-
tially saturated, and even if Lc/Lp increases further,
there is little increase in output. Thus, from the viewpoint
of high output, it is desirable that Lc/Lp be greater than
0.55.
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[0030] From Figure 4, it can be seen that the noise
level of high-speed electromagnetic noise is substan-
tially maintained at a constant level when R2/R1 is be-
tween 0.4 and 0.54, and suddenly increases when
R2/R1 exceeds 0.54. This is because, when the shape
of the claw-shaped magnetic pole portions 20c and 21¢
is constant, an increase in R2/R1 means a shortening
of the radial length of the yoke portions 20b and 21b. In
other words, when the radial length of the yoke portions
20b and 21b is shortened, the contact surface area be-
tween the bobbin 14 on which the field coil 13 is installed
and the yoke portions 20b and 21b is reduced, reducing
the damping effect of the bobbin 14. It can be inferred
that when R2/R1 exceeds 0.54, the damping effect of
the bobbin 14 is reduced, and the noise level of high-
speed electromagnetic noise increases because vibra-
tion of the claw-shaped magnetic pole portions 20c and
21c is not damped. Furthermore, when the winding
space of the field coil 13 is constant, an increase in
R2/R1 means a reduction in the thickness of the claw-
shaped magnetic pole portions 20c and 21c. In other
words, when the thickness of the claw-shaped magnetic
pole portions 20c and 21cis reduced, the result is similar
because the rigidity of the claw-shaped magnetic pole
portions 20c and 21c is reduced and the claw-shaped
magnetic pole portions 20c and 21c are more likely to
vibrate. From this, it is desirable that R2/R1 be less than
0.54 from the point of view of reducing high-speed elec-
tromagnetic noise.

[0031] From Figure 5, it can be seen that the noise
level of low-speed electromagnetic noise is substantially
maintained at a constant level when Lc/Lp is between
0.5 and 0.7, and suddenly increases when Lc/Lp ex-
ceeds 0.7. This is because when Lc/Lp exceeds 0.7, the
surface area of the root portions of the claw-shaped
magnetic pole portions 20c and 21c¢ facing the laminated
core 15 increases. Thus, because the fluctuations of the
magnetic poles passing the laminated core 15 are
smooth and change smoothly in an axially central por-
tion of the laminated core 15, an alternating voltage
close to a sine wave is generated, but at axial end por-
tions of the laminated core 15, the root portions of the
claw-shaped magnetic pole portions 20c and 21c¢ and
the tapered tip portions of the claw-shaped magnetic
pole portions 20c and 21c pass the laminated core 15
alternately. The pass time of the root portions of the
claw-shaped magnetic pole portions 20c and 21c is
long, whereas the pass time of the tip portions of the
claw-shaped magnetic pole portions 20c and 21c is
short, generating an alternating voltage having a dis-
rupted sine wave. The generation of this alternating volt-
age having a disrupted sine wave acts to increase mag-
netic vibration of the laminated core 15, and it can be
considered that low-speed electromagnetic noise is in-
creased by the increased vibration of the stator. In ad-
dition, when Lc becomes long (as Lc/Lp approaches 1),
at axial end portions of the laminated core 15, the tip
portions of the claw-shaped magnetic pole portions 20c
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and 21c do not face the laminated core 15, and it can
be considered that low-speed electromagnetic noise is
further increased because an alternating voltage having
an even more disturbed sine wave is generated. From
this, it is desirable that Lc/Lp be less than 0.7 from the
point of view of reducing low-speed electromagnetic
noise.

[0032] From the above, an automotive alternator en-
abling high-speed and low-speed electromagnetic noise
to be reduced while ensuring high output can be ob-
tained by making R2/R1 greater than 0.50 and less than
0.54 and Lc/Lp greater than 0.55 and less than 0.7.
[0033] In Embodiment 1, because Lc/Lp is set to less
than 0.7, the end surfaces of the laminated core 51 are
positioned away from the end surfaces of the pole cores
20 and 21. Consequently, in the coil end groups 16f and
16r of the armature coil 16, the root ends, which have
the most irregularities in a circumferential direction, do
not radially face the shoulder portions 20d and 21d,
where pressure fluctuations are greatest in the pole
cores 20 and 21. Thus, wind noise resulting from inter-
ference between the root portions of the coil end groups
16f and 16r and the shoulder portions 20d and 21d of
the pole cores 20 and 21 arising due to rotation of the
pole cores 20 and 21 is reduced. In addition, wind noise
resulting from interference between the root portions of
the coil end groups 16f and 16r and the shoulder por-
tions 20d and 21d of the pole cores 20 and 21 is further
reduced because the shoulder portions 20d and 21d are
formed by chamfering the outermost diameter portions
of the axial end surfaces of the pole cores 20 and 21.
[0034] Furthermore, wind-splitting noise generated at
the outermost diameter portions of the axial end surfac-
es of the pole cores 20 and 21 due to rotation of the field
rotor 7 is reduced because the shoulder portions 20d
and 21d are formed by chamfering the outermost diam-
eter portions of the axial end surfaces of the pole cores
20 and 21, enabling wind noise to be reduced further.

Embodiment 2

[0035] In Embodiment 2, as shown in Figure 6, ring-
shaped covers 24 made of glass-reinforced epoxy resin
having a smooth outer surface are disposed so as to
cover an inner circumferential side and apex portions of
the coil end groups 16f and 16r of the armature coil 16.
Moreover, the rest of the construction is constructed in
a similar manner to Embodiment 1 above.

[0036] In Embodiment 2, because the covers 24 are
disposed so as to cover an inner circumferential side
and apex portions of the coil end groups 16f and 16r of
the armature coil 16, the covers 24 radially face the
shoulder portions 20d and 21d, where pressure fluctu-
ations are greatest in the pole cores 20 and 21.

[0037] Thus, because the coil end groups 16fand 16r,
which have irregularities in a circumferential direction,
are isolated from the shoulder portions 20d and 21d by
the covers 24, wind noise resulting from interference be-
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tween the coil end groups 16f and 16r and the shoulder
portions 20d and 21d arising due to rotation of the field
rotor 7 in Embodiment 1 above is eliminated. Further-
more, because there are few irregularities on the outer
surfaces of the covers 24 in the circumferential direction,
wind noise resulting from interference between the cov-
ers 24 and the shoulder portions 20d and 21d arising
due to rotation of the field rotor 7 is reduced. Hence, an
automotive alternator having low wind noise compared
to Embodiment 1 above can be achieved.

[0038] Moreover, when the number of poles in the
field rotor is increased to twenty poles or twenty-four
poles, the number of shoulder portions in the Lundell-
type core also increases, increasing wind noise result-
ing from interference between the coil end groups and
the shoulder portions. According to Embodiment 2, be-
cause interference between the coil end groups and the
shoulder portions is avoided by disposing the covers 24,
increases in wind noise due to increases in the number
of poles in the field rotor are suppressed. Consequently,
the wind noise-reducing effects according to Embodi-
ment 2 become more pronounced as the number of
poles in the field rotor is increased.

Embodiment 3

[0039] In Embodiment 3, as shown in Figure 7, base
portions 5a of the front-end cooling fan 5 are formed into
a shape such that valley portions 20e formed between
adjacent claw-shaped magnetic pole portions 20c are
open in an axial direction. Moreover, the rest of the con-
struction is constructed in a similar manner to Embodi-
ment 1 above.

[0040] Here, at the front end, a cooling airflow is
sucked in through the air intake apertures 1a by rotation
of the cooling fans 5, and is then deflected centrifugally
and discharged outside through the air discharge aper-
tures 1b. On the other hand, at the rear end, a cooling
airflow is sucked in through the air intake apertures 2a
by rotation of the cooling fans 5, cools the rectifier 12
and the regulator 18, and is then deflected centrifugally
and discharged outside through the air discharge aper-
tures 2b. Here, because the rectifier 12 and the regulator
18 are disposed in the ventilation channel for the cooling
airflow at the rear end, ventilation resistance at the rear
end is greater than at the front end. Pressure on the in-
take side of the front-end cooling fan 5 is greater than
pressure on the intake side of the rear-end cooling fan 5.
[0041] In Embodiment 3, because the base portions
5a of the front-end cooling fan 5 are formed into a shape
such that the valley portions 20e are open in an axial
direction, an axial flow of the cooling airflow arises which
flows from the front end where pressure on the intake
side of the cooling fan 5 is great through the valley por-
tions 20e to the rear end. Hence, because the field coil
13 is cooled, magnetomotive force increases, achieving
an improvement in output.

[0042] Because a portion of the high-pressure front-
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end cooling airflow flows to the rear end as an axial flow,
the flow rate of the high-pressure cooling airflow sup-
plied to the front-end coil end group 16f decreases, re-
ducing interference noise in the coil end groups 16f,
thereby reducing wind noise.

Embodiment 4

[0043] InEmbodiment4, as shownin Figure 8, an out-
ermost radial dimension Rf of the cooling fans 5 mount-
ed to the axial end surfaces of the pole cores 20 and 21
is set to a range greater than R3 and less than R1 and
the cooling fans 5 overlap the coil end groups 16f and
16r of the armature coil 16 in an axial direction. Here,
R3 is an inner radial dimension of the root portions of
the claw-shaped magnetic pole portions 20c and 21c.
Moreover, the rest of the construction is constructed in
a similar manner to Embodiment 1 above.

[0044] In Embodiment 4, an outermost radial dimen-
sion Rf of the cooling fans 5 mounted to the axial end
surfaces of the pole cores 20 and 21 is set to a range
greater than R3 and less than R1. In other words, the
cooling fans 5 are fixed to the axial end surfaces of the
pole cores 20 and 21 so as to reach from the cylindrical
portions 20a and 21a of the pole cores 20 and 21 across
the yoke portions 20b and 21b to part of the root portions
of the claw-shaped magnetic pole portions 20c and 21c.
Hence, claw resonance noise is reduced because axial
vibrations in which the root portions of the yoke portions
20b and 21b are pivot points are suppressed, enabling
high-speed electromagnetic noise to be reduced.
[0045] Because the cooling fans 5 overlap the coil end
groups 16f and 16r of the armature coil 16 in an axial
direction, cooling airflows are supplied to the coil end
groups 16fand 16rin large quantities by the cooling fans
5. Thus, cooling of the coil end groups 16f and 16r is
improved, suppressing temperature increases in the ar-
mature coil 16.

[0046] Here, the length of the conductors in the arma-
ture coil 16 is also increased together with an increase
in the axial length Lc of the laminated core 15, increasing
conductor resistance in the armature coil 16. This in-
crease in conductor resistance in the armature coil 16
leads to an increase in the amount of heat generated,
but temperature increases in the armature coil 16 are
reliably suppressed due to the cooling of the coil end
groups 16f and 16r being improved.

Embodiment 5

[0047] In Embodiment 5, a winding construction of an
armature coil 16 is prescribed.

[0048] Figure 9 is a perspective showing a stator of
an automotive alternator according to Embodiment 5 of
the present invention, Figure 10 is a plan showing the
stator of the automotive alternator according to Embod-
iment 5 of the present invention viewed from a inner cir-
cumferential side, and Figure 11 is a perspective show-
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ing a conductor segment used in an armature coil of the
stator of the automotive alternator according to Embod-
iment 5 of the present invention.

[0049] A construction of the stator according to Em-
bodiment 5 will now be explained.

[0050] As shown in Figure 11, a conductor segment
30 functioning as a strand of wire constituting the arma-
ture coil 16A is prepared by bending a flat copper wire
material covered with an electrically-insulating coating,
being formed into a general U shape in which a pair of
straight portions 30a are linked by a generally V-shaped
turn portion 30b.

[0051] Two conductor segments 30 are inserted from
the rear end of the laminated core 15 into each of pairs
of slots 15a separated by six slots (corresponding to a
pitch of one magnetic pole). Here, the straight portions
30a of one conductor segment 30 are housed in a first
position from the inner radial side (hereinafter "Address
1") in one slot 15a and a second position from the inner
radial side (hereinafter "Address 2") in the other slot 15a
six slots away, and the straight portions 30a of the other
conductor segment 30 are housed in a third position
from the inner radial side (hereinafter "Address 3") in
one slot 15a and a fourth position from the inner radial
side (hereinafter "Address 4") in the other slot 15a six
slots away. Hence, four straight portions 30a are housed
in each of the slots 15a so as to line up in a single row
in a radial direction. The end portions of the conductor
segments 30 extending outward at the front end of the
laminated core 15 are bent circumferentially into a
splayed shape.

[0052] At the front end of the laminated core 15, the
end portions 30c of the conductor segments 30 extend-
ing outward from Address 1 of one slot 15a of each of
the slot pairs are joined together with the end portions
30c of other conductor segments 30 extending outward
from Address 2 of other slots 15a six slots away, forming
six single-turn wave windings. The end portions 30c of
the conductor segments 30 extending outward from Ad-
dress 3 of one slot 15a of each of the slot pairs are also
joined together with the end portions 30c of other con-
ductor segments 30 extending outward from Address 4
of the other slots 15a six slots away, forming six single-
turn wave windings.

[0053] Moreover, although not shown, six phases of
windings having four turns are formed by connecting in
series each of the windings installed in the same slot
group, and the armature coil 16A, which is composed of
two three-phase alternating-current windings, is formed
by forming three phases of windings into an alternating-
current connection in each case.

[0054] In a stator 8A constructed in this manner, the
number of slots per phase per pole is two, and as shown
in Figure 9, the turn portions 30b of the conductor seg-
ments 30 forming coil ends are arranged so as to line
up in two layers in single rows in a radial direction and
form two rows in a circumferential direction, constituting
the coil end group 16r at the rear end of the laminated



13 EP 1 235 331 A1 14

core 15, and the joint portions 31 between the end por-
tions 30c of the conductor segments 30 forming coil
ends are arranged so as to line up in two layers in single
rows in a radial direction and form two rows in a circum-
ferential direction, constituting the coil end group 16f at
the front end of the laminated core 15. In the coil end
groups 16f and 16r, as shown in Figure 10, the inclined
portions of the coil ends are arranged in rows in a cir-
cumferential direction so as to have clearance from
each other.

[0055] In this stator 8A, because coil ends formed by
connection patterns connecting different layers in slots
separated by six slots are arranged in neat rows in a
circumferential direction, the cooling airflows blowing
from the cooling fans 5 flow along the inclined portions
of the coil ends and are smoothed, significantly reducing
wind noise. Because the coil ends are arranged in neat
rows in a circumferential direction, there are also fewer
circumferential irregularities in the root portions of the
coil end groups 16f and 16r, reducing wind noise result-
ing from interference between the coil end groups 16f
and 16r and the shoulder portions 20d and 21d.

[0056] Because the cooling airflows flow along the in-
clined portions of the coil ends, cooling of the armature
coil 16A is increased, enabling temperature increases
in the stator 8A to be suppressed. In addition, because
the coil ends are arranged so as to have clearance in a
circumferential direction, the cooling airflows ventilate
inside the coil end groups 16f and 16r, further improving
cooling of the armature coil 16A. Thus, even if the
amount of heat generated by the armature coil 16A in-
creases together with the increase in the axial length Lc
of the laminated core 15, temperature increases in the
armature coil 16A are reliably suppressed due to the
cooling of the coil end groups 16f and 16r being im-
proved.

Embodiment 6

[0057] In Embodiment 6, as shown in Figure 12, an
armature coil 16B is prepared using continuous copper
wires 33. Moreover, Embodiment 6 is constructed in a
similar manner to Embodiment 5 above except for the
fact that the continuous copper wires 33 are used in
place of the generally U-shaped conductor segments
30.

[0058] In a stator 8B according to Embodiment 6, be-
cause coil ends formed by connection patterns connect-
ing different layers in slots separated by six slots are
also arranged in neat rows in a circumferential direction,
the cooling airflows blowing from the cooling fans 5 flow
along the inclined portions of the coil ends and are
smoothed, significantly reducing wind noise. Because
the coil ends are arranged in neat rows in a circumfer-
ential direction, there are also fewer circumferential ir-
regularities in the root portions of the coil end groups
16f and 16r, reducing wind noise resulting from interfer-
ence between the coil end groups 16f and 16r and the
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shoulder portions 20d and 21d.

[0059] Because the cooling airflows flow along the in-
clined portions of the coil ends, cooling of the armature
coil 16B is increased, enabling temperature increases
in the stator 8A to be suppressed. In addition, because
the coil ends are arranged so as to have clearance in a
circumferential direction, the cooling airflows ventilate
inside the coil end groups 16f and 16r, further improving
cooling of the armature coil 16B.

[0060] In addition, according to Embodiment 6, be-
cause the continuous copper wires 33 are used, the
number of joints is significantly reduced compared to
Embodiment 5 above, improving workability. Further-
more, because the coil end groups 16f and 16r are con-
stituted by turn portions 33a of the copper wires 33, the
axial length of the coil end group 16f can be lowered
compared to Embodiment 5 above, reducing ventilation
resistance in the coil end group 16f, thereby enabling
wind noise to be reduced.

[0061] Moreover, Embodiments 5 and 6 above have
been explained for stators in which the number of slots
per phase per pole is two, but they may also be applied
to stators in which the number of slots per phase per
pole is three or more. In that case, the surface area of
the conductors constituting the coil end groups increas-
es, further improving cooling of the armature coil. Fur-
thermore, in Embodiments 5 and 6 above, because the
coil ends are arranged in neat rows in a circumferential
direction, there is a smoothing effect on the cooling air-
flows on the inner circumferential side of the coil end
groups. As the number of slots per phase per pole in-
creases, the number of the coil ends constituting the in-
ner circumferential side of the coil end groups increases,
increasing the smoothing effect on the cooling airflows,
thereby enabling cooling of the armature coil to be im-
proved.

[0062] In Embodiments 5 and 6 above, the straight
portions of the strands of wire are arranged in four layers
in single rows in a slot depth direction inside the slots
15a, but the number of layers of the straight portions of
the strands of wire arranged in single rows in a slot depth
direction inside the slots 15a is not limited to four layers;
it may also be six layers, eight layers, or more, for ex-
ample.

[0063] In Embodiments 5 and 6 above, a flat copper
wire material is used for the strands of wire, but the
strands of wire are not limited to a wire material having
a flat cross-sectional shape; a wire material having a
circular cross-sectional shape, for example, may also
be used. In that case, ventilation resistance in the coil
end groups is reduced, enabling reductions in wind
noise and improvements in cooling of the armature coil.
[0064] A varnish may be applied to the whole of the
field rotor 7. In that 'case, the varnish is impregnated
into the field coil 13 wound onto the bobbin 14, and gaps
between the windings of the field coil 13 are filled with
the varnish. Thus, heat transfer between the windings
of the field coil 13 improves, suppressing temperature
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increases in the field coil 13, thereby enabling increases
in magnetomotive force. Furthermore, the varnish is in-
jected between the cooling fans 5 and the pole cores 20
and 21 and acts as a damper, damping vibration of the
pole cores 20 and 21, thereby enabling reductions in
high-speed electromagnetic noise.

[0065] As explained above, according to one aspect
of the presentinvention, there is provided an automotive
alternator including:

a field rotor provided with:

a field coil; and
a Lundell-type core having:

a cylindrical portion on which the field coil
is installed;

yoke portions disposed so as to extend ra-
dially outward from axial end portions of the
cylindrical portion; and

claw-shaped magnetic pole portions dis-
posed so as to extend axially from radial
edge portions of the yoke portions so as to
surround the field coil; and

a stator composed of a laminated core and an ar-
mature coil disposed facing an outer circumference
of the claw-shaped magnetic pole portions,

wherein a ratio (R2/R1) between an outer radius
R2 of the cylindrical portion and an outer radius R1 of
the Lundell-type core is in a range from 0.50 to 0.54, and

a ratio (Lc/Lp) between an axial length Lc of the
laminated core and an axial length Lp of the Lundell-
type core is in a range from 0.55 to 0.70, thereby pro-
viding an automotive alternator enabling high-speed
and low-speed electromagnetic noise to be reduced
while ensuring high output.
[0066] A cooling fan mounted to at least one axial end
surface of the Lundell-type core may be provided, the
cooling fan overlapping a coil end group of the armature
coil in an axial direction, whereby a cooling airflow is
supplied directly to the coil end group by the cooling fan,
improving cooling of the armature coil. Hence, temper-
ature increases in the armature coil resulting from in-
creasing the axial length Lc of the stator can be sup-
pressed.
[0067] The coil end group of the armature coil may be
constructed by arranging coil ends so as to align in a
row in a circumferential direction, whereby wind noise
resulting from interference between shoulder portions
of the Lundell-type core and the coil end group is re-
duced, and a cooling airflow is supplied by the cooling
fan flows along the coil ends, thereby reducing wind
noise resulting from interference between the cooling
airflow and the coil end group and improving cooling of
the armature coil.
[0068] The coil ends constituting the coil end group of
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the armature coil may be arranged so as to have clear-
ance in a circumferential direction, whereby the cooling
airflow supplied by the cooling fan ventilates the inside
of the coil end group, further improving cooling of the
armature coil.

[0069] A pairof cooling fans mounted to both axial end
surfaces of the Lundell-type core may be provided, a
valley portion formed between adjacent pairs of the
claw-shaped magnetic pole portions being open in an
axial direction on the axial end surface of the Lundell-
type core on which the cooling fan having the higher
pressure of the pair of cooling fans is mounted, whereby
a cooling airflow passes through the valley portion from
the end where the pressure on the intake side of the
cooling fans is higher and flows inside the Lundell-type
core. Hence, magnetomotive force increases because
temperature increases in the field coil are suppressed,
achieving improvements in output.

[0070] A cooling fan mounted to at least one axial end
surface of the Lundell-type core may be provided, an
outermost radial dimension Rf of the cooling fan being
smaller than the outer radius R1 of the Lundell-type
core, whereby axial vibrations in which the root portions
of the yoke portions of the Lundell-type core are pivot
points are suppressed, reducing claw resonance noise,
thereby enabling high-speed electromagnetic noise to
be reduced.

[0071] A ring-shaped cover having a smooth outer
surface may be disposed so as to cover at least an inner
circumferential side of a coil end group of the armature
coil, eliminating wind noise resulting from interference
between shoulder portions of the Lundell-type core and
the coil end group.

Claims
1. An automotive alternator comprising:
a field rotor provided with:

a field coil; and
a Lundell-type core having:

a cylindrical portion on which said field
coil is installed;

yoke portions disposed so as to extend
radially outward from axial end por-
tions of said cylindrical portion; and
claw-shaped magnetic pole portions
disposed so as to extend axially from
radial edge portions of said yoke por-
tions so as to surround said field coil;
and

a stator composed of a laminated core and an
armature coil disposed facing an outer circum-
ference of said claw-shaped magnetic pole por-
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tions,

wherein a ratio (R2/R1) between an outer ra-
dius R2 of said cylindrical portion and an outer ra-
dius R1 of said Lundell-type core is in a range from
0.50 to 0.54, and

a ratio (Lc/Lp) between an axial length Lc of
said laminated core and an axial length Lp of said
Lundell-type core is in a range from 0.55 to 0.70.

The automotive alternator according to Claim 1, fur-
ther comprising a cooling fan mounted to at least
one axial end surface of said Lundell-type core,
wherein said cooling fan overlaps a coil end group
of said armature coil in an axial direction.

The automotive alternator according to Claim 2
wherein said coil end group of said armature coil is
constructed by arranging coil ends so as to align in
a row in a circumferential direction.

The automotive alternator according to Claim 3
wherein said coil ends constituting said coil end
group of said armature coil are arranged so as to
have clearance in a circumferential direction.

The automotive alternator according to Claim 1, fur-
ther comprising a pair of cooling fans mounted to
both axial end surfaces of said Lundell-type core,
wherein a valley portion formed between adjacent
pairs of said claw-shaped magnetic pole portions is
open in an axial direction on an axial end surface of
said Lundell-type core on which the cooling fan hav-
ing the higher pressure of said pair of cooling fans
is mounted.

The automotive alternator according to Claim 1, fur-
ther comprising a cooling fan mounted to at least
one axial end surface of said Lundell-type core,
wherein an outermost radial dimension Rf of said
cooling fan is smaller than said outer radius R1 of
said Lundell-type core.

The automotive alternator according to Claim 1, fur-
ther comprising a ring-shaped cover having a
smooth outer surface disposed so as to cover at
least an inner circumferential side of a coil end
group of said armature coil.
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